Pancreatic tissue from untreated and corn oil gavage control rats in four chronic (Zyear) toxicity and carcinogenicity studies was examined microscopically for the presence of acinar hyperplasia, acinar adenoma, and acinar carcinoma. Formahfixed pancreatic tissue that had been saved from these rats was then examined for grossly visible lesions; and all additional available pancreatic tissue was embedded, routinely processed, and sectioned at 5-7 microns for histopathological examination. There were no additional gross lesions identified in the review of the residual tissues. However, microscopic examination of this additional tissue resulted in a marked increase in the number of proliferative lesions diagnosed. .The incidence of acinar cell adenomas increased from 11188 (0.5%) to 28/193 (15Vo) in untreated control male rats and from 8/194 (4%) to 73/195 (37%) in corn oil gavage vehicle control male rats. There were similar increases in hyperplasia in vehicle and untreated male rats, and similar but much less dramatic increases in hyperplasia and adenoma in vehicle and untreated control female rats. The previously reported effect of increased proliferative lesions of the exocrine pancreas of male rats given corn oil vehicle was confirmed. In addition, examination of a larger tissue sample identified a similar but smaller effect of the corn oil vehicle in female F344 rats that had not been detected by routine sampling of the pancreas.
INTRODUCTION
The rat is used extensively in toxicity and carcinogenicity studies and is also used frequently as a model for the induction of pancreatic cancer (4, 6-9). Recently we reported that corn oil, used as a vehicle to administer volatile and/or unpalatable compounds by gavage to F344 rats in chronic carcinogenicity studies, was associated with increased incidences of pancreatic acinar cell hyperplasia and acinar cell adenoma (1, 2) . This association was not consistent among laboratories using the same rat strain and similar study protocols; however, there . was a close association between these proliferative acinar cell lesions and mean body weights of the groups (3).
An important factor in comparing histopathology results between studies is consistent tissue sampling. Standard sampling techniques employed for chronic studies are a hybridization of random sampling (for the purpose of detecting lesions not apparent gross-ly, e.g., by macroscopic examination) and nonrandom sampling (for the purpose of characterizing lesions identified by macroscopic observation at necropsy). Although random sampling alone might have more appeal to purists who want to avoid all potential for bias, sampling of gross lesions is essential to maximize the sensitivity ofa chronic study.
To accurately assess the relationship of proliferative exocrine pancreatic lesions to the administration of corn oil gavage, it was necessary to compare the amount of pancreatic tissue examined microscopically and to verify that all grossly visible lesions had been examined.
METHODS

Animals
. F344/N rats were produced under contract for the National Toxicology Program and shipped directly to the laboratory where the study was conducted. The animals were from four different 2-year studies conducted at two different laboratories, were 4-5 weeks of age at the time of shipment and were held for 2 weeks during which time they were weighed and checked for the presence of 45 1 TOXICOLOGIC PATHOLOGY overt disease. Rats whose body weight was more than 20% outside the mean body weight were discarded. The remaining animals were randomized, numbered, and assigned to a study group.
Husbandry. The rats were housed 5 per cage in polycarbonate cages covered with synthetic fiber filters. NIH-07 rodent chow (Zeigler Bros., Gardners, PA) and water were available ad libitwn. Heat-treated hardwood bedding was used and the cages were changed twice a week. Environmental conditions included a 12-hour light-dark cycle, temperature of 72 k 3°F and a humidity range of 35 to 65 percent.
Treatinent. Untreated controls received no test chemical nor gavage material. Vehicle controls received 5 mVkg body weight of corn oil by gavage 5 timeslweek for 104 weeks. The corn oil was stored at 5°C and analyzed monthly for peroxides. Corn oil with a peroxide number equal to or greater than 10 meq/kg was not used.
Necropsy. The animals were observed twice daily and necropsied when found moribund or dead. Terminal sacrifice followed 104 weeks treatment plus a 1-2 week holding period, at which time the animals were 112-1 13 weeks of age. Scheduled necropsies were performed under the supervision of a pathologist. The pancreas was examined i12 situ when the gastrointestinal tract was removed. Gross lesions were described and the entire pancreas and other tissues saved in 10 percent buffered formalin.
Histology. In the initial toxicology study, the pancreas was routinely included on a slide with a section of the small intestine. The protocol did not specify the amount of tissue to be collected. The routine pancreas sample plus any lesions noted grossly was included in the initial histological examination. The remaining pancreas and entire vis-cera were saved in formalin. More complete examination of the pancreas was accomplished by opening bags of wet tissue and collecting all recognizable pancreatic tissue. This was carefully examined for the presence of gross lesions under the supervision ofone of the authors (DAB). The additional pancreatic tissue was embedded flat in the paraffin block. This usually required two blocks per rat for the additional pancreatic tissue. The block was faced so that the majority of the tissue was included in the section and one 5-micron section was made per block.
Meastirernent of Pancreatic Area. Ten untreated male rats and ten vehicle control male rats were selected utilizing a table of random numbers from the four control groups. The area of pancreas on the original slide and on the additional slides were quantitated using a video scanning image analysis system (Optomax, Inc., Hollis, NH) attached to a Wild stereomicroscope and interfaced with an Apple I1 computer equipped with a real-time averaging software program. Pancreatic tissue on the slide was detected by virtue of its "grayness" or contrast compared to the surrounding background. The results are presented as area in mm2 on the original slide and total area. Pathological Evaliiation. All pancreatic tissue in the original slides was evaluated for the presence of proliferative lesions using criteria previously described (1). This same procedure was repeated for the slides containing the additional pancreatic tissue. The results are presented as the number of lesions found in the slides for the initial toxicology study, the number of lesions found in the additional tissue, and then the total lesions per rat for all pancreatic tissue. in initial slides plus retrim).
Statistical Evaluation.
Inter-group comparisons in the incidences of proliferative exocrine pancreatic lesions were made by Mann-Whitney U-tests (5). Table I shows the area of pancreatic tissue available for microscopic examination from the routine samples collected and embedded by the study laboratory, and after embedding all the residual for-malin-fixed pancreatic tissue. There was an approximate six-to sevenfold increase in the area of the pancreas examined. The effect of the more extensive sampling technique on the incidence of proliferative exocrine pancreatic lesions in the male F344 rat is shown in Table 11 .
RESULTS
For untreated control rats, the sixfold increase in pancreatic tissue examined resulted in a marked increase in the incidence of focal acinar cell hyperplasia and in the number of rats with acinar cell adenomas; the number of tumor bearing rats increased from 1 to 28. For the corn oil vehicle control rats the effect was also an increased incidence of "multiplicity" (multifocal hyperplasia and multiple adenoma), in addition to the increased number of rats with a single lesion such as focal hyperplasia or solitary adenoma. Because the rat pancreas appears lobular or nodular on gross examination, many of the smaller adenomas and hyperplasia were not recognized even during the careful re-examination of the wet tissue.
The incidence of proliferative exocrine pancreatic lesions for untreated and vehicle control female rats from four chronic studies is shown in Table 111 . The incidences of acinar cell hyperplasia and adenoma in untreated female rats are extremely low. All untreated female rats with lesions were from a single study, the same study in which the untreated male rats had the highest incidence (36%) of pancreatic proliferative lesions.
The incidence of proliferative lesions (hyperplasia and adenoma combined) is higher in groups of female rats receiving corn oil vehicle than in those not receiving corn oil vehicle.
The results of the more complete pancreatic examination from the four studies are summarized in Table IV . Males have a higher incidence of proliferative lesions than do the females and for both sexes the incidence of lesions appears higher in the groups receiving the corn oil vehicle. Table V shows the effect of the more extensive sampling technique on the incidence of pancreatic lesions in male rats following 2-year exposure to benzyl acetate (study 13 in Tables 11-V) . Although the more extensive sampling resulted in higher incidences of hyperplasia and adenoma it did not change the interpretation of that trend (1 4).
DISCUSSION
The lobular nature of the pancreas makes it difficult to accurately recognize small proliferative lesions grossly. In addition, the shape and location in the mesentery hinder representative sampling for histological evaluation. The exocrine pancreas was shown to be a target organ for chemically-induced carcinogenicity in only one NCI study (nitro fen) (1 2, 13) . Although in the first study female Osborne Mendel rats had pancreatic cancer (12) , in a subsequent study in F344 rats there was no evidence for pancreatic carcinogenicity (1 3). Little attention has been devoted to the exocrine pancreas as a pos-sible toxicological and carcinogenic endpoint for long-term rodent studies. This is in contrast to man where pancreatic cancer is the fifth leading cause of cancer mortality (7). In contrast to man, most proliferative exocrine lesions in the rat appear benign (2) and the distinction between hyperplasia and adenoma is arbitrary. In a peer review of these lesions, size, demarcation from rest of pancreas, compression of adjacent pancreas and loss of acinar architecture were some features that helped distinguish adenoma from hyperplasia (1). The spontaneous lesions appear morphologically similar to those induced by known pancreatic carcinogens in the rat but the biological behavior of the naturally occurring lesions is not known.
The recognition that oil gavage was associated with increased proliferative lesions in male F344 rats (1-3) caused us to examine the sampling of pancreatic tissue more closely. It is apparent that the incidence of lesions varied widely between studies, but also that the amount of pancreatic tissue examined is an important variable.
Examination of additional pancreatic tissue revealed that a majority of the hyperplasias and adenomas of the exocrine pancreas went undiagnosed in the routine examination. There was also a greater chance that the multiplicity of lesions went unrecognized. Embedding the entire pancreas and making one histological section confirmed that acinar lesions were more common in male rats than in female rats. This study also provided evidence that administration of an oil vehicle increased the incidence of pancreatic hyperplasia and adenomas in both sexes. Previously this was felt to be a male rat phenomenon (1, 2) but because of the low incidence in females this effect was missed by routine sampling. Based on our results there is no evidence to indicate that closer gross observation could replace a more complete histological examination. Even when one of the authors (DAB) carefully examined the wet tissue prior to embedding, most of the lesions seen histologically were not recognized on the gross examination. Does this imply that routine examination of the pancreas employed in most toxicology tests will not detect compounds that cause pancreatic cancer in rodents? We feel that this is unlikely. In the NCUNTP studies that we reviewed a vast majority of the gross lesions in the pancreas had been described and diagnosed. However, routine sampling gave only a crude estimate of the actual incidence of microscopic pancreatic lesions. It is our opinion that more complete sampling of the pancreas is required to make an accurate assessment when a treatment-related effect is suspected. In one of the studies utilized in this review (study 13), a treatment-related pancreatic effect was detected on routine histological examination. Review of additional pancreatic tissue confirmed that the trend existed, but found that a high incidence of these proliferative pancreatic lesions existed in both the dosed and the control groups. The additional sampling provided greater confidence that an accurate assessment had been made (1 4).
Finally, additional sampling did not completely eliminate variability across studies. There is still enough variation between groups to suggest that other, as yet unknown factors, may play a role. More complete examination of pancreata from rats from additional studies would be necessary to determine the degree of variability. In the meantime, we feel more attention should be given to adequate sampling of pancreata in long-term rat toxicity and carcinogenicity studies, especially when a treatmentrelated effect is suspected.
